This was an open study of oral antifungal prophylaxis in 103 neutropenic children aged 0-14 (median 5) years. Most (90%) were undergoing transplantation for haematological conditions (77% allogeneic BMT, 7% autologous BMT, 6% PBSC transplants and 10% chemotherapy alone). They received 5.0 mg/kg itraconazole/day (in 10 mg/ml cyclodextrin solution). Where possible, prophylaxis was started at least 7 days before the onset of neutropenia and continued until neutrophil recovery. Of the 103 who entered the study, 47 completed the course of prophylaxis, 27 withdrew because of poor compliance, 19 because of adverse events and 10 for other reasons. Two patients died during the study and another five died within the subsequent 30 days. No proven systemic fungal infections occurred, but 26 patients received i.v. amphotericin for antibiotic-unresponsive pyrexia. One patient received amphotericin for mycologically confirmed oesophageal candidosis. Three patients developed suspected oral candidosis but none was mycologically proven and no treatment was given. Serious adverse events (other than death) occurred in 21 patients, including convulsions (7), suspected drug interactions (6), abdominal pain (4) and constipation (4). The most common adverse events considered definitely or possibly related to itraconazole were vomiting (12), abnormal liver function (5) and abdominal pain (3). Tolerability of study medication at end-point was rated as good (55%), moderate (11%), poor (17%) or unacceptable (17%). Some patients had poor oral intakes due to mucositis. No unexpected problems of safety or tolerability were encountered. We conclude that itraconazole oral solution may be used as antifungal prophylaxis for neutropenic children. Keywords: itraconazole; mycoses; bone marrow transplantation; neutropenia; pediatrics Although advances in cytotoxic chemotherapy, stem cell transplantation and supportive care have greatly improved the survival of children with leukaemia, infections continue
to cause considerable mortality and morbidity. 1 Systemic fungal infections continue to pose a particular problem largely due to the difficulty of diagnosis. 2, 3 Intravenous amphotericin B is widely used as treatment for proven or suspected disease but the success rate is low (reported as 54% in leukaemia patients and only 33% in bone marrow transplant recipients 4 ). Conventional formulations of amphotericin B are associated with a significant risk of renal damage while liposomal formulations are expensive and both require intravenous administration, making them unsuitable for prophylaxis. 5 Fluconazole is well tolerated and has been shown to be effective as both treatment and prophylaxis against Candida albicans but has less activity against other species such as C. krusei and C. glabrata and is not effective against Aspergillus. 6 Itraconazole has a broader spectrum of activity and is active against both Candida and Aspergillus 7 but the capsule formulation has unpredictable absorption, 8, 9 is inconvenient to administer to young children and may be difficult for patients with mucositis to swallow. An oral solution of itraconazole with better bioavailability than the capsules 10, 11 is now available and has recently been licensed for use as prophylaxis against deep fungal infections in adult patients with neutropenia. Results from a randomised study in adult neutropenic patients suggest that itraconazole solution provides greater protection than fluconazole against fatal Aspergillus infection. 12 However, there are no published data on the use of itraconazole solution in immunocompromised children, and we therefore conducted an open study to assess its safety and tolerability.
Methods
Paediatric patients (up to the age of 16 years) who were expected to become neutropenic (Ͻ1 ϫ 10 9 neutrophils/l) as a result of treatment for a range of conditions were eligible to take part in the study if they and/or their guardians gave consent. Patients already receiving other systemic antifungal agents, enzyme-inducing drugs known to interact with itraconazole or with significant hepatic or renal impairment (liver enzymes Ͼ5 times the upper normal limit or creatinine clearance Ͻ50 ml/min) were excluded from the study.
Whenever possible, prophylaxis was started at least 7 days before the onset of neutropenia and continued until the recovery of neutrophils or a satisfactory recovery from transplantation. All patients received 5.0 mg/kg itraconazole/day in a 10 mg/ml cyclodextrin oral solution (Sporanox Liquid, Janssen-Cilag, Saunderton, UK) as one or two daily doses (ie 2.5 mg/kg twice a day). Investigators assessed the tolerability of the study medication using a four-point verbal scale (unacceptable, poor, moderate or good) based on the children's reports or carers' observations depending on the age of the patient. All adverse events occurring up to 30 days after the end of the study were reported whether or not they were considered related to itraconazole.
Secondary endpoints of the study were mycologically proven mucosal or systemic fungal infections. In cases of mycologically proven mucosal infection, prophylaxis could be stopped to allow treatment with another antifungal agent and then resumed at the discretion of the investigator. Patients with suspected systemic fungal infections (ie those who developed fevers unresponsive to broad-spectrum antibiotics) received empiric antifungal therapy and investigative procedures according to each hospital's normal protocol. Patients usually received two broad-spectrum antibiotics for 48 h followed by intravenous amphotericin after 96 h. Routine chest X-rays were usually followed by computer assisted tomography (CT) if an abnormality was detected. Itraconazole prophylaxis was stopped during empiric treatment but could be resumed if a systemic fungal infection was not proven by mycology, radiology or histology.
The study was performed at three children's hospitals (in Bristol, London and Glasgow) between January 1995 and November 1996.
Results

Patient characteristics and treatments
A total of 103 patients entered the study. The median age was 5 years (range 0-14); the male:female ratio was 73:30. The children were receiving treatment for acute lymphoblastic leukaemia (45), acute myeloid leukaemia (10) or other conditions (14 cases of primary immunodeficiency, 7 metabolic disease, 7 neuroblastoma and 20 others). Treatment details are shown in Table 1 . The median duration of prophylaxis was 37 days (range 1-265 days). Antifungal prophylaxis was started, on average, 9.4 days before transplantation in transplant recipients and 0.4 days after the start of cytotoxic treatment in those receiving chemotherapy alone. However, the timing of prophylaxis varied considerably in a few patients, ranging from 53 days before to 25 days after transplantation (median, 8 days before) in Table 1 Treatments received transplant recipients and from 29 days before to 12 days after the start of cytotoxic treatment (median, 3 days after) in those receiving chemotherapy.
Study outcomes
Of the 103 children who entered the study, 47 successfully completed the course of prophylaxis, 27 were non-compliant or could not tolerate the medication (often because of mucositis), 19 withdrew because of adverse events, four were withdrawn because of suspected fungal infections (none of which were confirmed), four were withdrawn because of concerns about potential interactions between itraconazole and vincristine (although none showed signs of toxicity) and two stopped receiving itraconazole because of dispensing errors. The mean duration of prophylaxis was 3 weeks for those who withdrew because of adverse events and 2 weeks for those who were non-compliant.
No proven systemic fungal infections occurred during the study. Twenty-six patients developed a fever unresponsive to antibiotics at some time during the study and all of these received empiric treatment with amphotericin. One of these patients had a single positive growth of Aspergillus from a nasal swab but recovered in less than 7 days and remained in the study. All the other children with fever had no positive radiological, mycological or histological findings suggestive of fungal infection. One patient had mycologically confirmed candidosis of the oesophagus and received treatment with liposomal amphotericin. Three further patients developed suspected oral candidosis but none of these cases was mycologically proven and no treatment was instigated.
Two patients died during the course of the study, one from progression of acute myeloblastic leukaemia and the other (who had Omenn's syndrome) from viral pneumonitis (RSV, CMV). Five patients (with diagnoses of non-Hodgkin's lymphoma, osteopetrosis, myelodysplasia, acute lymphoblastic leukaemia and Wiskott-Aldrich syndrome) died within 30 days of the study end. The causes of death were relapse of underlying disease, idiopathic pneumonitis, hepatic failure possibly due to adenovirus infection, cardiac failure and hepatic veno-occlusive disease, respectively. All the patients who died were undergoing bone marrow or peripheral blood stem cell transplantation.
Adverse events
The most common adverse events reported during the study were fever (65 cases), vomiting (65), diarrhoea (60), rash (56), mucositis (52) and nausea (30). In addition to the seven deaths, serious adverse events occurred in 21 patients; the most common were convulsions (7), suspected drug interaction (6), abdominal pain (4) and constipation (4) . Most adverse events were not considered to be related to itraconazole. A plot of adverse events in transplant patients over time shows that the frequency was highest at the time of transplantation and declined afterwards ( Figure  1 ). Five cases of vomiting were considered to be definitely related to itraconazole and a further 16 adverse events (7 vomiting, 5 abnormal liver function, 1 rash, 3 abdominal pain) were considered to be possibly drug-related while Mean number of adverse events per patient for those receiving transplants (87 children undergoing transplants entered the study but some withdrew before the end of the study and others continued to receive itraconazole prophylaxis for longer periods, so n = 49 at week 6 and 22 at week 12).
seven (2 nausea, 1 vomiting, 4 abnormal liver function) were considered to be remotely related. Adverse events caused 19 patients to be withdrawn from the study, the most common of these events were abnormal liver function tests (5), abdominal pain (4) and fever (4).
Interactions with other drugs
Itraconazole has been reported to interact with cyclosporin, phenytoin, midazolam, dihydropyridine calcium channel blockers and quinidine. The study protocol therefore recommended that drug levels and adverse events should be carefully monitored if any of these drugs were co-administered. During the course of the study possible interactions with vincristine and itraconazole were also reported and four patients (out of the seven who received vincristine) were withdrawn as a precaution.
Convulsions were reported as serious adverse events in seven patients during the trial and in two after the trial. None of these were considered definitely or probably related to itraconazole but three cases were considered to be remotely related. None of these patients received concomitant vincristine.
Tolerability of study medication
Assessments of tolerability were available for 102 patients at week 1 and for 103 at the study end-point. At week 1, the medication was assessed as good in 61 cases (60%), moderate in 24 (23%), poor in 9 (9%) and unacceptable in 8 (8%). At the study end-point (ie the last rating for each patient) the ratings were 55% good, 11% moderate, 17% poor and 17% unacceptable. Patients who remained in the study for longer periods tended to tolerate the medication better than those who withdrew (eg of the 41 patients who remained in the study after 6 weeks, investigators rated tolerability as good in 81%, moderate in 7%, poor in 10% and unacceptable in 2%). Tolerability ratings were lowest during the period immediately after the transplant and tended to improve afterwards (Figure 2) .
The most commonly stated reasons for poor compliance were: vomiting (8), nausea and vomiting (4), nausea (4), patient refusing to take medicine (5) and unpleasant taste (3). In several cases, investigators noted that the patient's intolerance of oral medication was due to mucositis rather than any specific problem with the study medication. At least two patients received their medication via a nasogastric or gastrostomy tube. Four patients chose to switch to itraconazole capsules. Temporary stops in prophylaxis of up to 13 days were recorded in seven cases. All but one occurred immediately after or within 7 days of transplantation and were probably related to mucositis (the other was for 2 days when the patient was on another ward).
Discussion
The sporadic nature of systemic fungal infections (SFIs), especially those caused by Aspergillus, makes it difficult to estimate the natural incidence. The risk of infection also varies with different underlying diseases, and the length and intensity of neutropenia. 3 However, trials involving a placebo-controlled or untreated arm give some indication of the size of the problem. Large American studies have reported SFI rates of 8-18% in adult neutropenic patients receiving placebo, [13] [14] [15] while studies from the Middle East have reported rates of 23-31%. 16, 17 A smaller Dutch study reported a 17% (8/46) SFI rate in adults with haematological malignancies receiving placebo. 9 Most earlier studies of itraconazole prophylaxis used the capsule formulation which is less well absorbed than the oral solution during neutropenia. A French study of children with chronic granulomatous disease reported a 10% rate of Aspergillus infection (3/30) in those who received Time since transplant (weeks) Unacceptable Poor Moderate Good Figure 2 Investigators' ratings of the tolerability of itraconazole prophylaxis in paediatric patients undergoing bone marrow transplantation. Bars show the percentage of patients for whom scores of good, moderate, poor or unacceptable were recorded. Tolerability ratings were available from 79 children during the week of transplantation but some withdrew before the end of the study, so n = 30 at week 5.
itraconazole capsules compared with 38% (24/64) in untreated historical controls. 18 A Dutch study of itraconazole capsules in 49 adult neutropenic patients undergoing intensive chemotherapy reported five proven SFIs (10%). 9 An American study showed SFI rates of 24% (11/45) in similar patients. 8 Both the Dutch and American authors suggested that poor absorption of the capsules may have reduced the efficacy of prophylaxis. 8, 9 However, a recent British multicentre study comparing prophylaxis with itraconazole solution or fluconazole in adult neutropenic patients (40% of whom had received BMTs) showed lower levels of proven infection (one SFI in 288 (0.35%) itraconazole episodes vs 6 in 293 (2%) fluconazole episodes) and significantly fewer deaths of fungal origin (none in patients receiving itraconazole vs seven in those receiving fluconazole). 12 Because the current paediatric study was not randomised, formal conclusions about efficacy cannot be drawn but the fact that no proven systemic, and only one mucosal, fungal infection occurred in over 100 severely neutropenic children, most of whom had received allogeneic transplants, is encouraging.
Itraconazole oral solution has greater bioavailability than the capsule formulation in adult neutropenic patients.
10,11 A recent study in neutropenic children suggests that higher plasma concentrations may be achieved than in adults (mean concentrations Ͼ250 ng/ml were achieved after 3 days in 6-14-year-olds and after 5 days in children under 5 who received 5 mg/kg/day of itraconazole oral solution 19 ). An earlier study had found that plasma levels Ͻ250 ng/ml were associated with prophylaxis failure. 20 It takes an average of 14 days of itraconazole treatment before steady-state is reached 21 but the UK study of itraconazole solution found 76% of neutropenic adult patients had serum concentrations Ͼ250 ng/ml after 7 days and 84% reached these levels after 14 days. 22 This explains the importance of starting prophylaxis at least 7 days before the onset of neutropenia. The elimination half-life of itraconazole is 20-30 h; 21 this means that adequate serum concentrations will probably be maintained even when patients cannot take or absorb some of their medication because of mucositis.
Since the study, it is now our practice to use itraconazole solution as antifungal prophylaxis for all transplant patients either at the start of conditioning (ie 9 days before transplantation) (in Bristol and Glasgow) or 1 month before transplantation (at Great Ormond Street). Starting prophylaxis before admission to hospital and before the start of conditioning may improve compliance since children then do not associate the medication with the unpleasant effects of cytotoxic chemotherapy. These regimens also ensure that adequate itraconazole concentrations are achieved by the onset of neutropenia.
Patients with mucositis often have difficulty in swallowing or absorbing oral medications and those with chemotherapy-related nausea and vomiting may also be nauseated by other medications. At the start of the study, the tolerability of itraconazole was rated as moderate or good in 65% of patients and this figure rose to 88% after 6 weeks. This apparent improvement in tolerability may be explained by the early withdrawal of patients who found the drug unpalatable or may reflect the resolution of the patients' mucositis.
Neutropenic patients experience many adverse effects from their underlying illness and their cytotoxic chemotherapy and it is therefore difficult to distinguish unwanted effects of specific treatments. However, the high frequency of adverse events in the period immediately following transplantation supports the observation that most were unrelated to itraconazole and no serious, unexpected adverse events were attributed to the antifungal prophylaxis. The most common event considered related to itraconazole was vomiting, and similar gastrointestinal disturbances have been reported in other studies. 12 Concern was expressed about possible vincristine/ itraconazole interactions in two patients and a further four patients were withdrawn from the study as a precaution. The manufacturer's data sheet for vincristine states that 'concurrent administration . . . with itraconazole . . . has been reported to cause an earlier onset and/or an increased severity of neuromuscular side-effects'. 23 None of the cases of convulsions listed as serious adverse events involved coadministration of vincristine and itraconazole.
No unexpected problems of safety or tolerability were encountered in this study. We therefore conclude that itraconazole oral solution may be used to provide antifungal prophylaxis in children undergoing stem cell transplantation or receiving intensive chemotherapy with prolonged periods of profound neutropenia.
